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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a light-emitting 
device array formed on a highly resistive substrate. 

SOLUTION: A series/parallel LED array is so formed on a 
highly resistive base layer that p- and n-contacts for 
array are positioned on the same surface of the array, 
individual LEDs are separated, electrically, from each 
other by a trench or ion implantation. An internal 
connect deposited on the array is connected to the 
contact of individual LED in the array. In some 
embodiments, the LED is a III nitride device formed on a 
sapphire base layer. In one implementation, two LEDs 
formed on a single base layer are connected in 
antiparaOel, to form a monolithic electrostatic 
discharge protection circuit In one implementation, 
multiple LEDs formed on a single base layer are 
connected in series. In one implementation, multiple 
LEDs formed on a single base layer are connected in 
parallel. In various implementations, a phosphor layer 
covers a part of a base layer, where one or more 
individual LEDs are formed. 
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mZ^fzlftU^*? MiT l^'f iciJltiflSJLEDOa 
Mc«^1"^ 0 «4-«?>Slite^T-«LED(i-9-V 

LED <ii£#?!)g« $ *yjy7? »^&^«SB 

&&<0 LED (ie^S^ £ „ -*SfS.T-li*-<0 
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iz&mztifzmi nm^>?? b t, wsmmi pmmiz 

&&2titzmi pM^>?? b t, 4:ffix.tzmi5?:ft7* 

m%zmm<Dm2Ufr<o±izMj8.ziitz&2 nii^ « 

»2 nM^±«C^&£*t*:S&2S14SiJ£t, l«2g 

i£m&<7>±i,zwz!8.2iLtz&2 pmmt^ mmm2 nMJg 

tc«M£*i£&2 nM=i>?? bt. mUM2 pfflJiU 

A'ot^T. nmm2 nm=i>?? b&xTfmmm 

2^-rVNM^.t, 

itfrie8> i ffcftrv^ x t tjie^ 2 nft-T*^ *t*%-m 

■fh^ b U>Ti>£Zf-< *>&\mt£<D7t><7)— -fit. 

mmmi ni3>^ h^i^s^i pw^>9* b 

IK*«3] HtlfiHeii. *77-f7, S i Cis.fclf 
I MSlMf J: «)miRZti.Z>Z\t 

<r>Tiz$>z,m&i&3i:M9i-rz>z\ t z$mti-zm*m 
4 scissor w 0 

ia**7] mmmi3kitT'<4xa&u c mmm2ft 

ft-rVW x «i£?fl«gE £ tti> m&g. 1 CE«fl T w -f o 

1 ttfrvmrnzmn j&jfc#s£jMs-f & z. t 
\tm*Mm-rz>zti:<tmt?zm&miizm$sLff>Ti' 



imxmi 0) mm^m<Dm3^»<7)±i,zw^^titz 

mt&t. m&sm&mt&v^izTtmztitzms P wm 
t, mzm3 n m®iz&mztifzm3 nM3>? ? h 
t, «rf2^3 pwmiz&wi2ixtz%i3 pm=>>?? b t 

Ztiik.tzmz&itr'/U *-C&oT. mm&3nw^> 
99 b& X. ^1512^3 pl3>^ h^RT-VM xoPI 

— ®t-ffM?tL^»3^7fcT'/>M^ 

ye mm&m<7>t&4&fr<r>±.t,zi&i%2n.tzm4 nmmt, m 
iz%mztitzm4 nM^>9? bt. mmm4 P s!Jitc 

-f^^ot« i9iE&4 nffin>^^ h j3 J: tKiftgEIM 

20 mf|5fg2 nM=i>?? b*Wl%Zm4 pln>?? M:« 
^1--2>^3F*3gBn^^ b fc, 

^12^3 nl3>n FSrSlTfe»4 nS^/?? K:« 
Mf^^4F , 9^=»^^ h fc, £;H.fiSU 

1, ^2, m3t$SLU t &4ftibr'<('( ^tr^^z^m 
»2 pi^?? h iz&%tt z>z\t£!&mt -tzm&m 

1 t-IB^OTl^^o 

^E»g <0± ^ ttfcIS 1 e^Sd fc , 

eig 1 &mmm<o±izMf&2tifzm$[<o%ii£mmx-2>'? 

r, s£^&wi£i!ti&&w- : £tt-% r tL<7)~Tiz£>i>3^*) T^^ffir 

40 

«TI5«^0^ 2 tc«^ ? tt^^SO^ 2 n > ^ 

im&m 1 2 ] mum i3^?^m« n&ie«&?>rg 
im&m 1 3 ] Krie^ 1 mmmmit. s i ^«v^r k 

- e > ^ £ G a N «r#tr C t =$rif*©c fc -^-5. 1 
1 UEtOTV-f. 

so im&m i 4 ] m$m®.(om 2 {mm® i±. m g *m 
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imxm 1 5 j mim&om 2^^n tast 
[st*« 1 6 ] mmm i3>??mAi t 

«• #® t -t * 1 1 KiEf!c<o r C -f „ 

1 9 ) mmmfrom&m&o i ootids 

2 0 ) JS»Stti^<0±{^jtT'/^ XT u 

*ir ie*#o _t k n mm % jft-m-t z, is t , 
BtriB n mm <n±. tcgi*®^ * Wf&-r & xe t , 
Hfrieei4««co±tc P mmi^WL-thTMt, 
mmnmm. tsi^m&mt$L&xv t isimpmm<o-&i:x. 

HfriB P mm % h mzi&wm 1 a x &m 2 tv w * o-e tt 
*:~ti<o±<7>mmmim®.<7>-&zx- v + > ?\z x*)^ 
lt, minmmv>-%>*mittz,TM.t. 

BfffB* 1 J3 J: IT* 2 f/M X co wffB p MJgOJitc^ l ij 

£0^2 pffi^>^^ r-&f£lt-&IS£u 

tiMEft 1 is <t lf» 2 tV<W X ObIE n SJiOJilcffc 1 is 

£0^2 nS3>?> r-£I3:lt<&Ig£, 

bSsB^I d|3>^ r-isJ^wTESrSl pM=i>^^ h 

H)-jC|»f4, rtSB^** r-£it®£*-£> 
[0 0 0 1 ] 

[&*<7*r£«] GaAsOi-9 %®.%k<7>ft1t? 4 K 
(LED) *m<±. *y »J -> * * -CgffcS K-TtfU. 

(single junction) t £:l±#£3fe5<Hg?-S- (multipl 
e parallel junction) Sr^fiT^&flSiiS: & £> LT £ 
fco El A(i. *3gfcj&#£ifc?»l«£-LEDTW 1 0 

nl3>W MloSf^I 8i:«tL> & 

Of/U^li, nSW£l 8 SrSJi 1 20±i:ML/: 

£•), Sf££tt&„ lot, pliSUBIcFVi'f 

i 5 *mmiz®m-tz> ztizxvt tzitivzmzx. ? 
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Tf.-fo mUftlZtom (sawing) w 1 1 <±-ffc^fi«jU 

(d i f f us i on) C<t •) t-£^ t-^-SI $ tt^, 0 
[0 0 0 2] 

l%wi>m&: l J: -j t -tzmm] r;u * <omwiz 3 > 

h£fflv>£^tcliloo*j§L*:fKgJ5, "t&to 
*», nM^S£{±pl2Jfa*£^ miAtJ«t 
OTH 1 BICf Lfct/'J"/"/? (monolithic) TV"{ 

it. m2iz7t-rmm$uzm.^tiz> 0 

10 [0 0 0 3] 

^:lit5!|LED7l"fli, Zff>T (DtztbO pin > 

ifzm—wizftiE-tzxoiz, mmmmttz^mtA.i± 

mmizfcfeZixZx, -BglJOLED («S1JLED) J±, h 
Vy^-\zi. t) ifcti-f ^VftA (ion implantation) K 

tzfa&=i*? Y (interconnect) I±. T izHlfzm 

atftf^-of*5 0 -mmj&m-cit, w\ma.im 
f/^xi±. s i cSfej±niS5S'fk!»<o* 

j±, m-^oxt-^^^^&coLEDiiie^jicg 

DtZit-<T. J: r}je>/^BET-|if^Ld-2.<0-C% ^iST'-f 
-f > * «Sff b-r * i t # * „ -*i£^.T-»±, 

30 <o&mizfmLtzgr&<r>i.EDi±, 3fLmz&mi*tiz>o 
mfrfr-^ztibpmm&zisHz&tijLiiz^ ^w.<r>pm 

-®r*l±, ®*WS^ 10W±<7)«gljLED^^gn 
[0 0 0 4] 

Bgr-*iK<¥JSf^fe^'f K (LED) ^SitlcJJV^ 
X&&M^t>mt:tiX^ 7- Al±. 1 1 1-V&* 
40 #(CIII^M'f|:fj*i-»i:iJ:lftl.^#'; r 

^JitfHTC^T-^^o ^^#T-?lffli-^lll^* 
3IWSIi. — «^A IxG a y I ni-x-yN (O^xS 
1, O^y^K O^i + y^l) iZ X *) WB. ? tt& -fL 

A<oi9^**m^<07cm*-^A. z^lt&Vsx-iig. 

ft (MOCVD) . ^-i=-«gie^*->- (MB E) ist 
JO It f Oft(Ox f ? # •> t ^fifC i o T, t7TY7, 
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»f/^^i:Sfi?«o ^Or£®&;£rflJ1£ (availabi f 2 6li, fi-^f U K-k: >/$ti^G a NSOi ^ 

lity) isiVft^iS^f), -f77^7(7)i®^v^ * 4niB2 20Ti:*-6*iifcli*aSLttOJBt:i 

flSCt* f #^o t7 7^7li«a#t?*4 0 Krames^ # T\ jc y * > 7$ tl& 0 MtU. Kfifittt**^*^ 

0»«i:o^T, 1 9 9 9*1 2^2 2BiIffiBfSn «E (intervening) tfftti*tCt#T*S^*>ft 

r«»* Lfc**J*ttlBS:*i-* 1 1 l«affc»«*T'/<-f A«a*fflv^ itUJ:^ * L E D 

7 ("I ll-Nitride Light Emitt ing Device with Increa ^Sli" h t &X £ Z> 0 -O^. $£# LTV* 

sed Light Generating Capability") J tmitltzftWf ft^>#AUi5Jt & P SI 2 4 i5 <£ CTfiSrttJB 2 3 <0— SB 

KI^0 9/4 6 9,6 5 7fli, M ittf KJ&tt'T * >^ y > ^^ffl^TB 5 J^-t 

W^^^PS^LO^o 4*5. «10^th®Ort§ IUoT, n Mi 2 2 OJLOtK (ledge) 2 8^®*^ 

o^tii, jRfbS* (S i C) *fclilll«iaffcW#fl- £o 

<h75 ? T-^. ^tubo^f ti. ^Ofiv^ft^ [0 0 0 7] B 6 f/^XtOlllRtft: 

I*. Kr^MyUCiJtt^H— I±i:ib>^yt;«« -^ftgtLfc^^f C^>Sfe±$*tr. n§2*I 2 2 isi:^ 

$^^**ft^»LTiE«i5J:tr*«o«»»3>^^ pifi 2 4 tzn > * ^ h^PBRI* <b;ft&o J:ot, 

+ Sr*LTv>i<-C(±fc<bfcv\ > CltUlJtLT. HA ±OfflglJ L E D SC*>5» hi" >^ 2 6 . *SJ;0\ #LE 

fc^*fl^<>f;*tt. -Hfctf/l^ ~:*<7>^;ift=r>* K (mesa wall) fc, Sllltt 3 0 *l£ 0 §tm#3 

* h^r-i.t:^^v^^^^±{cBlSL. flfe^ 01*. Mxtf. S3t®Hfc3& (oxides of silicon) . 3* 

Oi^n>^^ h^r^gJiUB^-r^i^^Sf^^n mmWi (nitrides of silicon) , ft*Kffl^t» (oxy 

&o nitrides of silicon) „ BSftTA'^x: (aluminum 

[0 0 0 51 $fe^tt^i^r(iS«tfl:tt^^fflv^tL oxide) . £*r(±. ^0>ffettnSc<7)ftfS^iimff«*r<h-r 

SLTlSgiJLED^^W^«|-r^>- tilJ: *K 1 1 1 [0 0 0 8] lil 7 A i3 «t HI 7 B it . ^ALfcltWLE 

^Mft^^yVvy^LEDTlx^^Sft't^Ct^T- D7^^<7)2oogj^t 0 @7Ait TWiCfctt* 

liftt^yVv^^LEDOgM^to 0 3C^^ JO i"o@7Bii. T W C£>lt£ L E DriM * >?£A^*£ 

T\ #9£<;f S i, Ge i fziiOtm^X K-fcf>^£tL 3 0 1CJ: 0 5M*S*LTv*& tVW * ^*i"o 

7t:G aN<7)nai2 2^ ^igi/tte^^ 2 0 Clfet S:*W L'** - >ft LT, p J: U*n Mzt > * ^ h 3 

WmZtL&o -Om> ffllxtfl nGaNOfStt^2 3 2im&2tl2>o n In > * ^ h <OfcifcO*ISW& 3 > 

nS12 2 (CS^T^S^ti.. S^U. W^^Z 5^^ h*f*4-{iA 1 ttz&T i-Alt*0, pl3>^ 

n. Mg, Be. Caif:(iCd«:««K-t:>^^ ^ h<7)f:^Af Fttfl-liAg, Au> N 

*l£A 1 G aNOpaS2 4^ ? . flm^glcS^TBS;^ i . P t ^ tzl* Z fth <n^±X~$>Z> 0 n>^^f32tl 

^oi2 2, 2 3i5J:i;2 4(i, Mi^>a ov^tli, ^xH^^y t WSI^^Ltitti? 

Z>o nS12 2ii, mV§. S«4S:tt<7>GaN ^0 V y 7-? v * IZ&lfZ *> <7><D £ 7 tC N JR*Hftfc 

® (ffifxtfatH^-r^K-tr^^^ilfcGaNli) . n & O t i->2> i £ &X Z 2> 0 zi > 9 ? Y ^1S«^ J: 

[0 0 0 6] S4Ui>v^T. nli2 2, tf&M 2 3 ^ ^^> D -O^. ^ < ^E?«J^ ^ tt/c L E Dri*« 

M/>f 2 6«?ti^o «v^x 7 f >^l:ov^T [0 0 0 9] 7*/<-f ^itC^lt^ffilgU L E D * 

ii. 08x.l^ BC laOii^^mm^^i-^iS^iK^ «^-T^7t:ir><7)rtS5n^^ h (interconnect) 3 4« 

fflv^g^t>X7f>^tn:t^T*Ho h S^-^^o rtS&r**? h 3 4 Cov-Tti. A 

l^>-^2 6ii> i h 1/ >^O^f nofllCiif^S 50 I. Cu> Au> Ag, S/^Ji. A 1 S i CuO^i 
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r r-v it&te aj £ n & <o -c & *uf, se =* * ? 

ho 0 7 Ai5«tUTl7BfC^L^2c»OLEDJ±, LE 
D-B<0nl3>?^ h£LED — A«pl3>?J-h 70 

#^tt<0F*Jg&=i*;y h 3 4 ICOV>-C{4. ^ < 

"t"-S> J: 9 l-i£» 2-<t2>Z\t ii*X £ Z> o 

[0 0 1 Oj — USSBST-li. H8AJ3 4-0*88 6 £5; 
"f 4 4o<OLEDOj£?ijTU-f li. jJO^Ot 

*t/ciEy^JK (balanced square) 

j££*vCi/>S<, i8Bli, jE^JKT W »c4JV>Tii:?iJig 
M?^^4o<7)LED<OIeIK@$r^-»-o 0 8A<4. 0 8 

zttmiL^o yfe*tsi±> -«:i$tri4. j/tmwjx 

[0 0 1 1 1 @8ACgf7U'f 14. 0 3 ~17AT*± 

»c 1 1 1 mmivtottft i m^-t z> iz * <o ? + > y \z 4 
ty^mzfrmztiiz. 4^ff>w.pmwtztiizLED£ 

tz G a N»i <F> 4 ? jSfitnteO 1 1 IJfcMffc^Ji iZ i X 30 

-X (trace) 8 1 iZ 4 *) WlV hfiix, g*HT#t, 
ih*>7*/U J*ti. g!8B{C^-r^@KlCJ: »)^$tt 

^-r^#-LED{Clfc-<T. 4fe<DW.KXW>ftL, 1/ 

4(DW.%LX'mrp-rzo mz.i£. imm 2 <o\wmmimiL 

EDIi, 3.0 V. 3 5 OmA-CSjlf^i-^C: fc**T-^ 
&„ H8A{C^-TJ:-5^4o<7>S:^Jrtg6«^$*i./cLE 

TV^yUi, 12.0 V. 8 7. SmA-eS&ffc-r&sLfctf* 40 

i:ioT, LEDTWOfci&O^lgl&SKiPlJi^ 
t^gfc&*„ 3lf£Kl4. ^SgI&HKl4. 4 0Sv^& 

y ') > -y ^ 7*/*>f * 14. flglj LED^-f 

£«?iJKi£a-*.&^<o#i£4 *) t»i lv\, «^<o^ 

ftt-li, LED^^ftS^flW^ y-fRlv/ 
> (die-attach Machine) \Zi*)&^b21xZ><tZ& (to 
lerance) CigB LTi6*i-*o C1*UC4»>. 5 0 
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LED^Ott*-«f->fXa*iiaiU tK>TI4, LE 
D>X7-A.lztHf2>1t¥n<0-nXZj:£ <-f2>£<m& 
XX < $f £ L^HatlHBfli, ^W^Si<07t46W 
H,yfxyfy y 'ifciiy*ytACJ:oT, ^-f:* 

i/itngStn^i:^^ .I;rUC4t}, ^HJfeffiJjg 

[0012] ##&93»:: J: *U4* , L EDM /'Jy y^t 
•S>o *1^. t/'Jy7?7l"fll, -9-^-7">> KOJ: 

tizxTizr^j xzitm-rtuf, ftwmmizm-zm 

r-li. LEDii. 7 t ** > Ki:i c r^9@Ki:ga 
$tt^, 0 ^<7)7'f KJ4. LED/'f /{^ S#tr^> 

*tlf}ftai$*t-5.yfcS:gB53-&!;i-a^o rtSt^?-^ Hi, - 

* r-Jfpx.So f/W ^#7 'J y 7*^ y ^Tiii 
if. -^-7^">> Y\zn-thz3> ? ? YitmUHz&r^t 

•?^<*-r-l.-i:35*T*^i>i:v»-7 ^r^-t-^o IS2 

±3iL^J:9»c. *y"j v y^iL5iJTl"f Ji. 
OffiSULEDtllt^TiSv^JET-Sftft-rSo KfP^ffiSr 
A<i--5,i ttcj: »j > LED7l"( i Jrffii6i--5^iS<7)7 : ' 

[0 0 1 3 J 0 9 A&XV t m9 Bt±. ft •) -g-v><7) t tv1z 
lEJjfe (balanced square) 05^511/ 3fc?!l LED7l"f 
^r^-To 0 9 BI4. 0«S?*i/:2o«LED?)2o 
O^ijX h •) LT«^?iif;40(7)LEDi:ov» 
TiOIBi?-ft. 0 9AI4. 0 9BW-*ftfgOf 
®0*^-To iOi^^a^J/^JTl— f .14, 0 3-0 

[0014] 010 14. 2 * - K^afe^iJ (an 

tiparallel) Eg t tai> 4 -? *tfc, mW&'S. 

(ESD) «g@K^^-to ilOLEDIi, «|2<7>L 
EDU4ittSR|g^jK® (reverse breakdown) Sri7 
7>kf>^i-^> 0 0 1 1 434 ZfW 1 2 J4. *y V -> y * 
E S D«a0K«7>-|IJS^4 0 *^-T„ Si^A4J4 IT 
*itB*«lS«Sttt^2 0«04HC^«$tlio 
SAIi. Mi^fiLEDt LTt^?ti4* ! , 
0«^B(4. LED-AtC45»t*SI£^gt«*^v> 
fc*>^*-f *^i6Ufflv>ib*i.S 0 pli4 1 34541^4 1 
b»4. m&mt£4 9 a££lf4 9 b <OJbtC^JS?tl, i 
tvb?&tt«lt4 9 a4J4t/4 9 bi4. nli4 2a^J: 
^4 2b<o±i:M?tii,, Y\,y+4 3 14. 7*/<^ ^ 
Atf/^y;BtW|Sai:M?na„ n^«4 5ai34 
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i/4 5 btfb u>^4 3 zmrrK^i-ftZ^v * o ' 

nIi42aJ3iO f 42b±C3>^^hHMt 
Ztztxom (ledge) 4<85fc$;fi&o §1^® 4 7(i, 
pa»tnfiittWt«i:»m o LED-AOp 

12=7>^ h^^>k:>^ (clamping) fA^BO 
nS^/n M^j££;ft£J: plg44ai:n 

mS4 5 b ttfftU**? h 4 6 a if <fc r)«^£*x£ 0 

rt»=*** h4 6**»S*fc»gt-Ctt, LED-AO 
nl^>n Hi. [HI 2 lZ7f:-f£ o Jl. itSffc© 4 7 

iZX^XftU^*? h 4 6 a £#St£*l£ 0 Hi 1 70 
LED-AOpS=r>^^ h t^v>tf>^* 

T*/<>f ^tCiott^-^cOMUf^^tl. LED-AcOn 
U»jftS*L-& 0 d<om. *©;£ti> ttA,/5/Oy (bum 
r 0015]|Hll;BJ: IFII 1 2 (i. > 7 > > ^t*v< . 

7'i/: (±7 4 -V**> K^Ti:ISt^> - t &X £2><D 
X\ ^m%5£3tm*$L* t $zt>ii2>Ztli%^ 0 y\<omMM 

[0 0 16] I?ijLED7l^>f £A«t£tt^OJhl^ JO 

«-r£- 1 <b*i&x*>z 0 mi 3&xzfmi 4 :o 

0. 9 1 *5<i:tf 9 2fi. CtL^OpS^it^^U^tf^. 

£0 pSi240±Cf8$^pi3>^^h3 2b 
&£U t nmm2 2 <D±l>zm%Z-*tfznM^> 9 ? h 3 2 
aii. l±^>y9 5CJ:otty'7')>F (H^L 
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